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hfiicro~~’al’c-ol)tical  double rcsonanc.e  spe.ctrosc6j~y  n~easure.ments  of the glound state 2S1D(I;= O,mF= O) 10
29 (1= 1 n] I.= O) hypcrfinc  transition of 19911g ions [ 1 ] a~c used to coJ~tIo]  a local oscillator  providing the~ In >. L
most stable atomic ficque.ncy  standard for avera~ing  times longer  than 20,000 seconds. Mercury ions are

confined in a 1,incar lon ‘1’] a}) (1 .IT) [2] and collisions with a helium buflkr gas cool the icms to mar room
tc.mperat  um [3]. Atomic state se.]ccticm  is accomplished by optical  pumping using ] 94 nm ]ight fi’oJN a 20~1 ]g
]amp and the qt).s073d7997x @ ]Z atomic transition is iJMCJ’1’OgalCd  using ~anlscy successive OSCi]]atOly

fic1ds[4]. With intcrlogation times of 16 scc.ends a stability of 7x10-]4/T ‘n is achieved (Fig. 1 )[SJ.
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l~igurc 1: (a) 1.incar Ion Tra}). (b) Ten day stability comparison of 1,1’J”S-2 and the 11-ma scl- SAO-26.  “]’hc
dashed line IcpIcscmts  a pcl-formanc.e  of 7x1 0-14/T  lo. Also shown for refcrencc  is the stability comparison
of two 1 I-masm, SAO-26 and I>SN-2 cwcr the same time intc)-val,

]lccausc of the ]alge atomic  mass and gJ ound state hypcJ Jine sp]itting, mercury ions al c less susccptib]c  to
magmtic an(i thcnnal  effects than hydrogcm or c.csium, For good S/N, approximately 107 ions are confined
in the tlaJ~. Remaining sensitivity to second order IIopp]cr  shifts due to thcrma]  and driven motion from the
rf trapping field is the tradeofl  for the inherent simplicity in a lamp based, high S/N (i. c Iargc ion cloud),
J“oom tcmpcraturc system. with  the addition of a ] 94 nJn ]aser, ]ascr coo]ing and int err Ogat ion on Only a few
ions wcmld lcduce sensitivity tc~ scc.ond order l)opphx  shifts [6].

Stability c,ompalisons  are currently undcl”way between two JP1, lamp based 1991 lg’ trapped ion research
standalds ] ,] ’J’S-] and IJ’J’S-2. in t}~c present configuration, cac.b standard steers a separate VJ G- 11
hydrogen maser receiver [7] phase locked to a comJnon hydrogen maser oscillator. ITI a prcdiminary 10 day
mcasul cmcnt, the short term performance c~f both standards is o }(T )=- I x10-13/T ‘n. l;igure 2 shows the
fi aetional  J3 cqucncy  of the JJ)l. standarct 1,I”J’S-2  compared against our fimt rcsc.arch standard 1,I”J’S-  1.
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3’}N deviation fi cm the 1x 10-]3/T ‘Q s]c)pe bctwceJ~  30,000 and 60,000 is due to limited stability of
the control electronics in 1 ITS-1. ‘1’he long term differential drift between the two IIg+ standards is
mcasul-ed  to be less than 5x10“]6/ clay. Also shown is a 30 day stability comparison of 1 J“l’S-2 against the
]]-maser SAO-26 [7]. llcyond 20,000 seconds the nlcasLll”enmlt  is limited by the 4x10-] S/day drift of the
hydlofy.n  masel-.

‘]’]~e J ,] ’] ’S-?,/] ,]~’S- ] Comparison is cxpcc,tcd  to l-each 10’16 in 5x10s seconds whcJl c]ectronic  upgrading is
complctcd.  ]Jl the pl”escnt  ion tlap standalds, the stabi]ity floc)r is most se.nsitivc  to ion number and
tcmpm atu] c fluctLlations through the sc.cond 01 clcn 1 )opp]cr  shift [5]. A new exte.ndcd  linear ion trap
Configurate ion (1 .]”] ’~) which sCpalat  es the ion ]oading and State Se]ect  ion regi OJI fi’oJn the microwave at oJllic

illtCI’I  Ogation  region is c.urrcnt]y  under dcvc.]opnmnt  [8]. ‘1’his COJlfJ~lJJ  atioJl should dinlinatc most of the
J cJnaini]ig sensitivity to ion number fluctL1ations
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l;igulc 2.: “J’hc  fiat.tiona] J’equcncy stability of the 1 lgl ion tI ap standad  ) ,1’1’S-2 compawd against 1.1’1”S- 1,
and hydrogen maw SA()-26 [6].

~-q’his WO1 k was pc,rformcd  at the .lct ])roj>u]sion  1.aboratoly,  (~alifd]  nia l~~stitutc  c~f “J’ec.hno]ogy, undel.
contract to the National  Aeronautics and Space  Administration.
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